Objective: Contraversive pushing (CP) is a neurologic disorder characterized by a lateral postural imbalance. Pusher patients actively push towards their contralesional side due to a misperception of the body"s orientation in relation to gravity. Although not every patient with CP suffers from spatial neglect (SN), both phenomena are highly correlated in right-hemispheric patients. The present study investigates whether peripersonal visuospatial functioning differs in neglect patients with versus without CP (NP + versus NP -patients). Method: Eighteen right-hemispheric stroke patients with SN were included, of which 17 in a double-blind case-control study and one single case with posterior pushing to supplement the discourse. A computer-based visuospatial navigation task, in which lateralized deviation can freely emerge, was used to quantify visuospatial behavior. In addition, visuospatial orienting was monitored using line bisection.
, we conceived a digital task which allows for quasi unrestricted lateral visuomotor deviation (within the limits of the task surface). This means that patients" responses were not directed towards or triggered by certain stimuli at the left, central or right part, but free to move in a navigation task with complete uniform stimuli across its surface (Vaes et al., 2015) . In addition, we wanted to inspect by means of this study, whether cross-over in long line bisection actually is a phenomenon characterizing NP + as opposed to NP -. This should be expected based on the research of Honoré et al. (2009, cf. supra) and Richard and colleagues (Richard, Honoré, Bernati, & Rousseaux, 2004) , the latter of which evinced a significant correlation between long line bisection error and subjective straight ahead position in right-hemispheric SN patients. Indeed, combining both lines of evidence, a reversed long line bisection error -contraversive cross-over-should be observed in association with a reversed subjective straight ahead position in right-hemispheric NP + patients. In place here, is a short demarcation of the cross-over phenomenon in long line bisection hypothesized here, from the one in short line bisection. SN patients can demonstrate cross-over in lines of 2 to 2.5 cm (Halligan & Marshall, 1988) . Several reasons are advanced for this phenomenon in short lines, such as representational overextension (Ishiai et al., 2004) , confabulation released by desinhibition (Chatterjee, 1995; Monaghan & Shillcock, 1998) and hemianopia (Doricchi et al., 2005) .
Interesting discussions on hemianopic contralesional line bisection error in longer lines, however, can be found in Kerkhoff and Schenk (2011) and Kuhn et al. (2012a Kuhn et al. ( , 2012b . Concerning long line bisection, a spatial performance difference is documented, with less ipsilesional deviation in right, compared to left positioned lines (Heilman & Valenstein, 1979; Nichelli, Rinaldi, & Cubelli, 1989 ). This performance difference fits well with the theory of egocentric space representation anchored to the trunk midline, leading to SN in case of a disturbance in this representational system (Bisiach, Capitani, & Porta, 1985; Karnath et al., 1991) .
Methods

Research Design
A multicenter double-blind case-control study was conducted to assess visuospatial functioning in right-hemispheric SN patients with versus without CP. Whenever a patient qualified for inclusion, the Scale for Contraversive Pushing 1 (SCP, Karnath, Brotz, & Gotz, 2001; Karnath et al., 2000b) intended for that patient, was given to the collaborating physiotherapist and the visuospatial measurements were administered by the test leader. At the time of testing, patient nor test leader knew whether the patient would be in the NP + or NP -group, and the physiotherapist did not know the patient"s visuospatial performance. Patients were only assigned to the NP + group in case of a clinically experienced pusher syndrome by the treating stroke physiotherapist, plus a pusher profile on the SCP, administered by a stroke physiotherapist trained in the use of the SCP. The scale was employed with the detailed instructions published in an update, to enhance its reliability and validity (Karnath & Brotz, 2007) . We adhered to the modified SCP-cutoff criterion of Baccini and coworkers (Baccini, Paci, Nannetti, Biricolti, & Rinaldi, 2008) , being a score > 0 in each of the three sections of the scale, because of its excellent correspondence with the clinical diagnosis. To avoid confounds due to overlap in features of the SCP, we only included patients in the NP -group if they obtained a zero SCP-score.
The study was approved by the two Committees on Medical Ethics involved, being the ethical committee of the GasthuisZusters Hospitals Antwerp and the leading ethical committee of the University Hospital Ghent.
Patients
For this study, we drew data from the baseline measurements of a recently conducted randomized placebo-controlled trial (results submitted elsewhere). Patients were recruited from the stroke unit (Neurology Department) and the Rehabilitation Center UZ Gent at the Ghent University Hospital, and from Rehabilitation Hospital RevArte (Antwerp). From each center, right-hemispheric stroke patients were considered for trial inclusion after detection of SN signs by the leading neurologist or neurorehabilitation physician, confirmed by a quick screening by means of the Star Cancellation Test (Halligan, Wilson, & Cockburn, 1990 ) and a short three-lined bisection task.
Upon inclusion, they needed to agree with participation by signing an informed consent. (Honoré et al., 2009; Karnath et al., 2000b; Richard et al., 2004) , we deemed a minimum sample size of 15 to 18 included patients to be acceptable, balanced between both groups.
The NP + and NP -groups were comparable in age, sex, handedness, years of education after the age of six, days post-stroke, the presence of hemianopia, and the amount of SN as quantified by the CoC index at the Bells Test and the mean deviation percentage in the SLBT. Furthermore, their levels of head and gaze deviation, muscle tone at the affected hemi-body, upper extremity impairment and gait independence were similar, suggesting that the severity of their physical post-stroke condition was controlled for too (see the results section 3.1.).
Descriptive and Outcome Measures
Next to the conventional demographic characteristics, we assessed a number of descriptives that are informative for the amount of stroke related impairment. They are clarified consecutively.
Hemianopia is difficult to objectify in SN (Walker, Findlay, Young, & Welch, 1991) . Besides, the sensitivity of confrontation visual field testing for mild to moderate visual field defects is low.
It improves by combining confrontation tests and is rather satisfactory for severe visual defects such as homonymous hemianopia (Kerr, Chew, Eady, Gamble, & Danesh-Meyer, 2010; Lenworth & Frank, 1991) . Our patients" visual fields were examined by their neurologists and after inclusion by clinical confrontation tests administered by the neuropsychologist, to reduce uncertainty about the presence of hemianopia. The degree of head and gaze deviation was measured by a four level scale ranging from no deviation to a deviation that even cannot be (Brunnstrom, 1966; Twitchell, 1951) . To rate the degree of assistance needed while walking, the six ordinal items of the Functional Ambulation Categories (FAC) were employed, ranging from an afunctional gait to independent walking on any surface (Holden, Gill, Magliozzi, Nathan, & Piehlbaker, 1984) .
The outcome measures are twofold. First, we used the navigational terminus and the Center of Navigation (CoN) index of the digital Visuospatial Navigation Test (VNT) of Vaes et al. (2015) . Conceived for the use on a wide pen display and existing of symmetrically ordered uniform obstacles (see Figure 1 ), this test allows for quasi free lateral spatial deviation. The employed pen display has an interactive field of circa 48 to 27 cm (width to height) and was positioned horizontally in front of the patients. Patients were instructed to start centrally at the bottom of the maze and to find their way (between the obstacles) to the top (the red bar) by the shortest route. The navigational terminus is the end point along the red bar at the top, quantified in mm counted from zero, with a maximum value of 233. With regard to the X-axis of the task, zero is located in the middle. The CoN index 2 is the mean percentage of navigational deviation with respect to zero, of all registered pen coordinates at the navigational route, along the X-axis.
It is calculated starting from the second white line at the bottom of the maze.
Second, the amount of cross-over in long line bisection was counted, more specifically the number of times that a patient bisected a line left instead of right of its midpoint. The SLBT (Schenkenberg et al., 1980) , where is a pen coordinate at the route, along the X-axis with respect to 0, the most extreme absolute value a pen coordinate can have along the X-axis, and the total amount of pen coordinates at the route. 
Research Questions and Statistical Evaluations
Results
Patient Flow and Descriptive Characteristics
After applying the exclusion criteria and after some patient losses due to a sudden discharge or medical deterioration, the case-control study could be implemented in 17 patients. It is supplemented with a qualitative single case study of a peculiar casus with PP. Apparently, this patient met the pushing criteria, but they were directed posteriorly instead of contralaterally. We 
Navigational Visuospatial Behavior
The medians of the navigational terminus and CoN index are presented in Figure 3 , together with their lower and upper quartiles. The comparative intergroup analyses with respect to these variables revealed significant differences. The p-value concerning the navigational terminus was .011 and the one concerning the CoN index .027. Figure 4 illuminates this discrepancy in visuospatial behavior between both groups, by depicting their mean navigational routes. reached. At the moment of VNT administration, it first seemed that the patient had forgotten the instruction of navigating upward to the red bar via the shortest route, because she made some backward navigational movements. Therefore, the test leader (for whom the SCP-score was unknown), needed to encourage compliance by repeating the instruction. Then it appeared that moving forward took her some effort, as if the backward direction was a more attractive alternative. Figure 5 demonstrates her task performance. Figure 5 . The VNT performed by the casus with posterior pushing.
Cross-over in Long Line Bisection
The output of the comparative intergroup analyses concerning the number of cross-over in long line bisection is displayed in Table 2 . The differences between the NP + and NP -groups are significant concerning the total, the middle and right SLBT section. The patient counts are also displayed, because of some excluded cases in the left and middle subsection, due to absences of trials when all lines of a subsection were neglected. The Wald Chi-Square statistic could not be computed for the left test section, because in none of both groups there was an event of crossover at the left positioned lines. 
Discussion
The present case-control study reveals a clear difference in peripersonal visuospatial functioning between NP + and NP -patients. In SN patients with CP, the navigational terminus and Centre of Navigation of the computerized VNT, were significantly shifted towards the contralesional side, compared to the more ipsilesional localization of both variables in SN patients without CP.
Additionally, the NP + demonstrated distinctly more cross-over in long line bisection than the NP -group. Apparently, CP is associated with a contralesionally directed shift in SN behavior, in other words, with "contraversive neglect". The contraversive similarity at the postural and visuospatial level hints at a coherence or interaction between the neural processing system for postural control, and the one for non-predominantly postural spatial behavior. Interestingly, this similarity seems not only to be oriented sideward, but also backward. Although this finding is preliminary because it is based on a single case description, our casus with PP also showed signs of a more posteriorly directed visuospatial performance at the VNT. The systems for space related body orientation adjustments in the coronal (CP), axial (SN) and sagittal (PP) plane, thus seem to analogously regulate trunk posture and peripersonal visuospatial behavior. It is proposed that human posture in these three planes is controlled by distinct neural networks (Karnath, 2007) .
The described analogue regulations may suggest that these networks are interconnected through a common neural interface. Furthermore, it is intriguing to draw the following parallel. The decrease in contralesional SN after displacing the trunk to the left by Karnath et al. (1993) , could be considered as an experimentally manipulated "compensation" for SN. In parallel, CP can be of k still needs to be proposed. We suggest that the constant k might be significantly impacted by interindividual differences in the orientation of the trunk midline or the egocentric reference frame. It would be an appealing endeavor to inspect whether these variables can predict the response position for a given stimulus to a higher degree. Consequently, in this way the model should also be able to distinguish between NP + and NP -patients.
The observations in NP + patients, of a spatial gradient related to the quantity of cross-over and a contralesionally directed shift in the VNT, puts forward the inquiry about "ipsilesional neglect". It should be investigated whether contraversive neglect emanates from a corrective neural reorganization in the egocentric reference frame, leading to less contralesional neglect thanks to a constructive compensation mechanism. The alternative would be a pathological compensation mechanism for their posturospatial bias, averting patients away from their ipsilesional side. As such, the field of their attentional and motor behavior would be narrowed due to their contralesional, plus a quantum of ipsilesional neglect.
An important issue to deal with in future studies, is the underlying mechanism of the currently reported observations. Central neurologic causal mechanisms that are theorized for CP are a misperception of verticality at the body oriented gravitational (Karnath et al., 2000b) , or transmodal level (Pérennou et al., 2008) . The central neurologic origin of contraversive neglect in association with CP has to be ensured. If factors such as ipsilesional hypertonia or rigidity are more pronounced in patients with CP, it is not inconceivable that they experience more movement constraints than patients without CP. Even the more contralesionally tilted trunk orientation could lead to less ipsilesionally elongated arm movements in NP + compared to NP -patients. However, these potential peripheral motor causes are less likely, because ipsilesionally extended arm movements are surely present in the NP + patients to enlarge their physical support base. Additionally, it will be extremely interesting to unravel with refined paradigms, whether contraversive neglect is primarily encountered at the motor or at the perceptual level, or at the attentional and representational level as well. An excellent example would be to investigate whether similar performance differences between NP + and NP -emerge in a spatial task at least as sensitive as the VNT, but on the representational level and requiring verbal responses, in analogy with the Piazza Del Duomo experiment (Bisiach & Luzzatti, 1978) or the verbal Landmark Task (Bisiach, Ricci, Lualdi, & Colombo, 1998) . Similar research questions can be formulated regarding the personal or extrapersonal dimensions (instead of the peripersonal one as discussed here) and regarding other sensory modalities than the visual one. Finally, robust brain imaging studies in NP + and NP -patients will be of great relevance to unravel to quest for the underlying neural mechanism, preferably by voxel-based lesion-symptom mapping (Bates et al., 2003) .
Unraveling these issues does not only advance the theoretical understanding of the coherence between different neural processing systems of space representation. It is of practical relevance as well, by complementing neurorehabilitation and refining neuropsychological diagnostics. Specific interventions for CP rehabilitation are proposed already, using visual feedback to correct body orientation (Broetz, Johannsen, & Karnath, 2004; Broetz & Karnath, 2005) , taking into account the spatial body misperception and fear of falling (Shepherd & Carr, 2005) , learning compensation strategies through vocal and visual feedback (Paci & Nannetti, 2004 ) and forced control of upright position in machine-supported gait training (Krewer et al., 2013) . Gaining more insight into the contraversive shift in spatial behavior of NP + patients can contribute to targeted interventions, by integrating the findings into a holistic rehabilitation approach.
The present observations of peripersonal visuospatial contraversive neglect in patients with CP, can encourage larger controlled trials to investigate this topic in greater depth. Additionally, they foster nuanced diagnostics of SN in CP and advocate targeted posturo-and visuospatial rehabilitation.
